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The loss of power involved in using the usual tests of hypotheses for
complete normal populations when, in fact, the population is a truncated normal
one is examined. The technique employed is to obtain an asymptotic expansion
of the distribution of sums of samples Jf size n drawn from a truncated normal
population. An electronic comnuter is then employed to consider enough terms :
of this expansion to obtain the desired accuracy for the loss function, which is
tabulated as a function of selected truncatioa points and sample sizes. Z (‘ :
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! The research reported in this paper was submitted as a Ph, D disserta-
tion in statistics at the University of Georgia, Athens, Georgia. This research
was performed under NASA Contract NAS8-11175 with the Aerospace Environ-
ment Office, Aero-Astrodynamics Laboratory, Marshall Space Flight Center,
Huntsville, Alabama. Mr, O. E. Smith and Mr, J. D. Lifsey are the NASA
contract monitors. The author is currently with the RCA Service Company,
Missile Test Project, Patrick AFB, Florida,
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FOREWORD

This report presents results of an investigation performed by the Depart-
ment of Statistics, University of Georgia, Athens, Georgia as part of NASA
Contract NAS8-11175 with the Aerospace Environment Office, Aero-Astrodynamics
Laboratory, NASA-George C. Marshall Space Flight Center, Huntsville, Alabama.
This research was performed by Mr. Britain J, Williams under the supervision
of Dr. A. C. Cohen, Jr., the contract principal investigator, and was submitted
in June 1964 as a Ph. D. dissertation in statistics. The NASA contract monitors
are Mr. O. E. Smith and Mr. -J. D. Liisey.

The results of this investigation represent a contribution in the area of
statistical tests of hypotheses for samples of size n drawn from truncated normal
populations. B
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TECHNICAL MEMORANDUM X-53272

THE EFFECT OF TRUNCATION ON TESTS OF
HYPOTHESES FOR NORMAL POPULATIONS

SUMMARY

When performing tests of hypotheses on the means of samples drawn
frem a normal population, the experimenter usually assumes that the sample
was drawn from a complete normal population., Because of the physical limi-
tations imposed by the act of recording measurements, this is never the case.
When the recording devices used in sampling permit all variables to be meas-
vred within three standard deviations of the mean, the assumption that the
sample was drawn from a complete normal population does not seriously affect
the power of the tests. However, situations arise where difficulty of measure-
ment or the expense of obtaining data restrict the sampling interval to less than
three standard deviations of the mean.

Aggarwal and Guttman [1, 2] have examined the loss of power when
using tests based on the assumption that the vaciable being sampled has a com-
plete normal distribution when, in fact, the distribution is a symmetrically
truncated normal distribution. They derived the distribution of means based
on samples of size n = 4 using convolutions of

(C/~N2m) exp (-x%/2), |x] < a
f(x) = (1)
0 , otherwise

where C is given by

a

-4

é = 1__ fe dt . (2)
Ner -a

In this paper, the work of Aggarwal and Guttman [1] is extended to non-
symmetric truncation and arbitrary sample size, An asymptotic series for the
distribution of sums of samples of size n drawn from a truncated normal popu-
lation is developed, and tables which show the loss of power as a function of
selected truncation points and sample sizes are presented,




. INTRODUCTION

Francis [12] examined the situation of a normal population whose -
bers had values greater (or lesc) than 1 given rejected value. Cohen [8, -, 8,
9] has extensively examined the question of estimating the mean and variance of
a normally distributed population from: truncated samples. The problem of
selecting a truncation point for a sample from a normal population with known
parameters in order to meet requirements on the means was investigated by
Clark [5].

Birnbaum and Andrews (4] have pointed out that nx has a limiting normal
distribution. Thus, for large n, one can obtain an apprcximate rumulative dis-
tribution of X. For arbitrary n, however, no general formula giving the distri-
bution of means (or sums) of samples of size n drawn from a iruncated normal
population is available.

II. ASYMPTOTIZ EXPANSION FOR THE DISTRIBUTION OF SUMS OF
A TRUNCATED VARIATE

The distribution function and density iunction of a standard normal variate
will be denoted by

X
o(x) = _1_ f exp (-t%/2) «t ¢ 3)
N2T -
and
$(x) = ®'(X) = ——exp (-X%/2), -0 =X = %, (4)
Ri

respectively. If x is distributed as a normal variate with mean  aaJd standard
deviation o, its distribution function and density function will be denoted by F{x)
and f(x) = F'(x), respectively., When the population is truncated on the left at
p + oa and on the right at u + ob, the density function will be denated by

f(x;a.b) = exp [(x~-w%20%], u+oa sx=pu+ab, (5)

o N2r

’I" Vo



da b

where C is given b&'

b
-é; __1__ f exp (-t*/2) dt = F(b) - F(a) . (6)
N2r a

Let x be a standard normal variate with distritution function given by
(3). Then

f exp (itx) dd(x) = -21—1; fexp (itx - x%/2) dx = exp (~t%/2) . (7N

Repeated partial differentiation of (7) gives

[ exp (itx) da\[n](x) = (-it)" exp (-t¥/2) . (8)
If ¢(x) is given by (4), then
[ ex (160 6™ () ax = (-1) exp (-1/2). e

Let Xy, X,, ..., X, be n independent random variables with the density
function of Xy i=1, 2, ..., n, given by (5) and consider the variable

If we denote the mean and variance of X; by u; and 0%2, respectively, then
the mean and variance .f X ie given by u = nyy and o*= noy®, Let §(Y) denote
the characteristic function of Y = (X - u) /o and ,(t) denote the cheracteristic
funotion of t = X; - gy, Then

¢ n
WY) =Y (""_':") .
gy "jn




For v=1, 2, ... let x, denote the cumulants of X{ - u and x denote the
cumulants of Xj - y,, and put

Ay X'
A =— and Al = —1.
v v v v
a 0'1

‘From (A-10) (see Appendix A) we obain

o At
w =ewm | 7 L,
v=1 °
and thus
. ) Al v
t : v [ it\
) = |h [——\ ~ep|n ) — (2} L
(0:1 \In) wt ve k‘\,—; y

Since X, - 0y bas mean zero and standurd deviation oy, it follows that x'; = 0
and x's cr, , 80 that A' =0 and A';= 1. Herce.

o A! -v
2 4 exp[n‘[, J(—%—) . (11)
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1
Expanding the right-hand side of (11) in powers of n 2 and collecting terms
gives

3v
~t3/2 by, 2™ °v, 3v -t%/2
e = e Z 7z <HE, a2
n
. \ <y e , , -
where bv,v+2h is a polynomial in A'g, A'y, ..., Av—h +3 which is independent of

n.

Applying the integral relation (9) to (12) yields the following form of the
density function of Y:
2 b L o™y
£,(1) = &(Y) + Z_i (-1) 73 (13)

This series is due to Edgeworth {11]. A corresponding expansion for F _(Y) is
obtzined by replacing ¢(¥) I (13) by #(Y). Cramér [10] bas shown that this

series is asymptotic in powers of n~ 2 and that the remainder term is of the
same order as the first term neglected.

II. TESTS OF HYPOTHESES

Consider a sample of size n drawn from a normal population with mean

‘u and variance o, We may assume without loss of generality that ¢ =1, K

the parent population is truncated or the left at 4 + oa and on the right at x + ob,
the density functicn of the truncated variable will be denoted by f(X; u,0,a,b).

A uniformly most powerful test of the null hypothesis
Hy: »=0
against the alternative hypothesis

Ha: u>0

(53]




is given by

reject H_ if X > Za/'\/;
) (14)
accept H0 otherwise

where Z, is the point exceeded with probability o using the distributio. of the
standard normal variable, Z ~ N(0,1). A usual test of size o for a complete
normal population becomes a test of size

a' = Pr (2, > za/\IK),

where Z; is a truncated normal variate with density fuuction f ( Z4;0,1,a,b).

If X ~N(u, 1), then X ~ N(u, 1/n) and the usual power function, the
probability of accepting H,, when, in fact, H, is true, is given by

P,(#) = Pr(X> Za/'J; !X ~ N(u, 1/n)) (15)

Pr(Z >Z, -pvn lz ~N(0, 1)).

If X is a truncated normal variate with density function f(X; u, i, a, b), the
" actual power of the test is given by

P, = Pr(X>Z/Nn|X ~ (X, 1, 2, b)) (16)

il

Pr(Z, > (Zg - \N0)/ 0y | Zg ~ f0(Zgips 1, 8 = g, b = ),

where py and 012 are the mean and variance of £(X; u, 1, a, b) and f(X; u,
1, a, b) denotes the density function of means bhased on samples of eize n
drawn from f(X; u, 1, a, b).




N

Let L(u) denote the loss of power when using the usual tests of the
hypothesis (14) when, in fact, the population is truncated. Then,

L(u) = P (#) = Py(p).

Tables 1 through 16 express L(pu) as a percentage of Py(u) for the one sided
test (14) with a = 0. 05 for various sample sizes and truncation points. The
units used are standard deviations of the parent population, and a minus zero

in the body of the tables indicates accuracy to within 10‘8 units while an unsigned
zero denotes accuracy to within 10~ 8 units.

IV. CONCLUSIONS

Examination of the tables reveals that there is very little loss of power
when the sample is of gize 10 or larger and the true value of the mean is more

than 0. 5 standard deviations away frum the value specified in the null hypothesis.

Also, as Aggarwal and Guttman [1] have pointed out, there is a change in sign
from p?sitive to négative in the loss of power as soon as u exceeds Z a/sfﬁ .

When the value of the true mean of the population is equal to the value
specified in the null hypothesis, the size of the test and the power function at
that point assume the same value. Thus, from column 1 of the tables, the
actual size, «', of the test is easily coinputed. From Table i we observe that,
for n = 6, the usual test of size o = 0. 05 is actually of size o' = 0. 001 when the
pooulation is symmetrically truncated within one standard deviation of the mean.
Tables 2 and 3 reveal that the actual size increases to 0.014 and 0. 031 when the
population is symumetrically truncated at 1.5 and 2. 0 standard deviations from
the mean. Tables 4, 5 and 6 indicate that there is no appreciable loss in power
or decrease in the size of the test if the population is symmetrically truncated
more than 2.5 standard deviations from the mean.

Let X ~ N(u, 1) and consider the variable Xt ~ f(X; u, 1, -», b) re-
sulting from single truncation on the right at the point u + b. Denoting the mean
and variance ot X, by i and 01 , respectively, the mean and variance of -

Xt ~ (X p, 1 -°c b) are given by py and oy ¢/, respectively, for samples
of size n. Since Hy < p we may put u - uy = €> 0, and it follows from the weak
law of large numbers that for any constant 6 satisfying 0< 6 < 1,

pr(lit-u,lq) >1 -8,

where it is based on a sample of size n > 0,%/6¢?.




Thus, if the usual test (14) ic employed when, in fact, the distribution
is singly truncated on the right, the actual size of tne test will tend to zero as n
increases. Similarly, if (14) is employed when, in fact, thc population is
truncated on the left, the actual size of the test tends to one as n increases.

Examination of Table 7 reveais that when the population is singly trun-
cated on the right at 1. 5 standard deviations from the mean, the usual test of
size o = 0. 05 is actually of size o' = 0. 032 when n = 5 and decreases rapidiv as
n imcreases. For example, when n = 15 the actual size of the test’ is reduced to
a'=0.005. Similarly, from Table 12, when the population is singly truncated
on the left at 1.5 standard deviations from the mean, the usual test of size
a = 0.05 yields an actual test of size o' = 0.075 for n = § and increases with n.

Thus, for singly truncated populations, there is no appreciahle loss of
power involved in using the usual test when truncation is beyond 1. 5 siandarc
deviations from the mean and the value of the population mean is more than 0.5
standard deviations from the value specified in the null hypothesis. However,
there is considerable change in the size of the test for large samples. Hence,
when using the usual test on means based on large samples from populations
singly trrrcated within 2, 5 standard deviations of the pepulation mean, an im-
provement in the size of the test can be realized by further truncation tc obtain
9 symmetrically truncated population,




O -

APPENDIX A

SOME BASIC THEORY

Moments of Truncated Normal Variates

Let X be a standard normal variate truncated on the left at a and on the
right at b. The density function of X is

¢(X;a, b) = exp (-X¥/2), a=X=<b, (A-1)
2r
where C is given by
i 1 b
c=T— [ exp (-t¥/2)dt.
N2r a

The r‘h moment about the origin of X is defined to be

b
wr= [ X' ¢ (X;2, dX, r=1,2, ... . (A-2)
a

Substituting {A-2) in (A-1) and integrating by parts we obtana,' form=1, 2,

-a2 m-1 T _h2 m-1 o
”*2m= C Eaa/Z Z a:a(m i) 1K_eb/2 Z bz(.m i) 1]

Ner i=0 i {=0

(A-3)
+ 2m)!
m!2m

_ _(2m)! (m-1)! _
where Ki = [2(m-1)] 91 and, form=0, 1, 2, ey
g2 B - -b¥/2 B -
"*2m+1= i [e a’/2 Z az(m i) Ki‘e b*/2 Z bz(m i) Ki—"
N er i=0 i=0

(A-4)
8



. |
where K' = —=* 2 .
i (m-i)!

If the density function of the random variable X is given by (5) , then

y+o:a c b r -y?/2
W= ) X Xa, bdX =—— [(oy+m e’ gy (A-5)
p+ob N2r a

Expanding (oy + u)r by the binomial theorem, we obtain

S r\ i m-i
w, = ) (i Voo " ut, "~ (A-6)
i=0 7

Characteriscic Function and Cumulants

If X is a random variable with distribution function F(X), the character-
istic function of X is defined by

€0

W = B = [ Farx), (A-7)

-00

where E( ) denotes the expected value of the quantity in parentheses., Differen-
tiating {A-7) with respect to t and evaluating the vth derivative at t = 0, we
obtain

oo =1 [ x'dF(x) =ivu",.

-0
Thus, 1n a neighborhood of t = 0, we have the MacLaurin's series expansion

1

W =1+ ) o’ (A-8)
v=f '

10
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Taking the logarithm of both sides of (A-8) and expanding the right-hand side by

o Kk

Z k-1
log (1 +2) = Z % D ,
&=1
we obtain
o (-Qk_i - V’\'r v "
logwt) = ), — | Y ot o’ . (A-9)
k=1 v=1 °

Expanding the right-hand side of (A-9) and collecting powers of (it, yields

°0 A

log P(t) = ), ;fl ()" . (A-10)
v=f :

The coefficicnts A}, were introduced by Thiele [13] and are called the cumulants
or semi-invariants of the distribution,

Replacing ¥(t) in the left-hand side of (A-10) by (A-8) and expanding by
log (1 +z), we obtain

)

v=1

2)<

) p~1 | = ! p
-y LAy Akl (A-11)
p=

t
1 P k=1 &

Collecting powers of (it) yields the following relation between the cumulants
and moments: ’

r u w w | J
AL =T ), E(-B‘-) n, (_R'z) ny... (—R“}-) n —("1) ,(p'i)' -
T P2 Pp!/ ™ nling...pg!

(A-12)

hy

where the second summand extends over all positive integers ny, ny, ..., 0

and P satisfying ny +ng+... +n =P and Py +Ppghig + ... +p 0 =T

11

o




APPENDIX B
COMPUTER FROCEDURE
The computational werk involved in obtaining the various tables of

Section IV was : >rformed on the University's IBM 7094 computer. For com-
puting purposes, formula (13) was expressed as

F(Y) = i L : (&) " ez \TN Py
n 0 r1! I‘z! ...I'N! 3! the (N+2)! np/2

(B-1)
+ R (N,Y),

where the second summand extends over all non-negative integral values of
Ty Ty eees Ty P and h satisfying '

ry+rgt ... +rN=n and ry+2ry +... +NrN=p.

For N = 13, it was found that Rn(N,Y) is of the order 0. 0001 for n = 4. The
accuracy increases with n,

The moments U(I), I =1, 2, ..., 20, of f, (X; A, B) are computed by
the sulbroutine MOMEN., The first two moments are computed directly and then
the recursive formula

Cr.m-1 -A¥Y2 _m-1 -B¥Y2
#;T,=‘2‘,;EA e / -B e / ll-(m—i) “m-2

is used to obtain the remaining moments., The subroutine CUMUL accepts the
moments as inputs and computes the cumulants, When control returns to the
calling program, the array C(I) contains Ai/ i!, This array is accepted as input
by the subroutine NENSI which evaluates F,(nX), where ¥ (X) is given by (B-1).

12
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The value ¢>V‘(X) , for given values of X and natural numbers v, is com-
puted by the two formulas

¢Vix)

i

(-1)" H (X) $(X),

¢IV](X) ¢{V_1](X),

where ¢(X) is given by (4) and HV(X) is the vth Hermite polynomial. The
subroutine HCOEF computes the coefficients of the Hermite polynomials and,
for given values of X and v, HERMI'I computes H (X).

The equation &(X) = P, where & is defined by (3), is solved by the
subroutines NORMX and NORMP. The subroutine NORMX computes P for a
given value of X and NORMP solves for X for a given value of P in the range of
&, A detailed description of these two subroutines is given in [3].

The source statement listing of these subroutines is found on pages 14-19.

These programs are all coded in IBM FORTRAN IV and have been successfully
executed on an IBM 7094 computer.

13
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14

777 FORMAT(!65Xs30H

ks /

TH]IS PROGRAM COMPUTES THE TABLES OF LOSS OF POWER
FOR SYMMETRIC TRUNCATION.

1 FORMAT (15X s40H
2 FORMAT(15Xs60H
10 IF IN )

3 FORMAT(15Xs60H FACT U = C AND ThZ POPULLATION IS SYMMETRICALLY TRUN
1CATED AT)

PERCENT LOSS OF POWER)
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U =

4 FORMAT(15Xs:24H THE TERMINUS POINT A = +F6e29///)
5 FORMAT (15X 60X C 0.0 0.5 1.0 1.5 20
1 245 )

6 FORMAT(15Xs5H N)

7 FORMAT(15Xs1H 91436F942)

8 FORMAT(1H1s///1 ,
TABLEs139/7)
1TAB=1

DIMENSION FACT(20)sCOEF(100550),U(20)sC(20)sHOLD(6)

CALL
CALL
10 B=1,
110 A=-8
‘ CALL
CALL

WRITE
WRITE
WRITE
WRITE

ITAB

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

1CK

NFACT(FACT)
HCOEF (COEF)

MOMEN(AsBsU)
CUMUL (UsCoFACT)

(7+8)

(6+8)

(7+777) ITAB

(6+777) ITAB
= ITAB + 1

791}

(691)

{(7+2)

(6+2)

(793}

(593)

(7+4) B

{694) B

(7+5)

(6:5)

(7+6)

(6+6)

1

DO 121 N=5,30
GO TO 14
11 CONTINUE

121 CONTINUE

ICK = 2
DO 16 N = 3545C,5
GO TO 14

15 CONTINUE

16 CONTINUE
ICK = 3
DO 18 N = 604100510
GO TO 14 )

17 CONTINUE

18 COMTINUE
1K = &4
DO 20 N = 2005005100
GO TO 14

21 CONTINUE

T —

—r
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20

22

19

14

12

13

CONT INUE
ICK = 5
N = 1000
GO TO 14
CONTINUE
B =B + 0.5
IF(B = 367111091919
CALL PUNCH .
STOP '
SD = (C(2)/FLOATIN))*#0,5
XBAR = 0.0
J =1 :
CONT INUE p
THE FOLLOWING COMPUTES PERCENT LUSS OF POWER '
ALPHA 1S THE SIZZ OF THE TEST DESIRED
ALPHA = 0,08 .
P = 1.2 -« ALPHA -
CALL NORMP(P»Xs2)
ZALPHA = X .
Y = ZALPHA ~ (XBAR*{FLOAT(N)#*#%0.,5))
CALL NORMX(YsPsZ) .
PUSUAL S THE POWER OF THE USUAL TEST
PUSUAL = 1,0 - P
Y = ZALPHAZ{FLOAT(N)*#%0,5) - XBAR
Y = (Y - C(1))/SD
CALL DENSI(FNXsNsYsCsFACT»COEF)
. PACTUL 1S THE ACTUAL POWER OF THE TEST
PACTUL = 140 = =NX
PCTLOS 1S THE PERCE.T LOS3 OF POWER
PCTLOS = ({PUSUAL ~ PAITUL)/PUSUAL)*100.0
XBAR = XBAR + 0,5
HOLD(J) = PCTLOS
J o= g+l
IF(XBAR ~ 2.7) 12913513
WRITE (7+7) Ny (HOLD(J)y J
WRITE (697) Ns (HOLDU(J!s J
GO TO (11+15417921422)y ICK
END

oy

1+6)
1+6)

THIS SUBRQUTINE COMPUTES N FACTORIAL FOR N = 192saee320

SUBROUTINE NFACT(FACT)
DIMENSTON FACT(20)
FACT!1) = 1.

DO 1 1 = 2420

X =1

FACT{I) = X#FACT(I~1)
RETURN

END

| s

THIS IS A SUB-ROUTINEs CODED IN FORTRAN IVs WHICH COMPUTES

THE COEFFICIENTS OF THE HERMITE POLYNOMIALS s H(N)sy TO N = 100 ?
THESE COEFFICIENTS ARE STORED IN THE ARRAY COEF(Ns+M)s WHERE ‘
COEF(IsJ) 15 THE COEFFICIENY OF X TO THE (N = 21J=1); POWER.

SUBROUTINE HCOEF (COEF) -
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DIMENSION COEF{10G,50)
DO 1 1 = 15100
COEF(Is1) = 1.0

DO 1 J = 2,50
COEF(IsJ) = 0.0
COEF(2+2) - ~—-140

ne 21 = 3,100

DO 2 J = 2,50

XN =1 -1

COEF(IsJd) = COEF(I-31sJ) = (XN¥COEF(1-2+J-1))
KETURN

END

THIG IS A SUBROUTINE TO EVALUATE THE NTH HERMITE POLYNOMiAL
Af THT POINT X. HNX IS THE OBTAIMED VALUE AND COEF IS THE
COEFFICIENT MATRIY, ’

SUBROUTINE HERMIT(N»XsHNXsCOEF)

DIMENSION COEF(100:50)

IF({N)1+294

HNX = 0.0

GO T0 3

HNX = 1.0

CONT INUE

RETURR

ENX = 0.0

DO 5 J = 1,50

ICK = N - 2%{.J-1)

IF(ICK)3:746

CONTINUE .

HNX = HNX + (COEF(NosJ)®(X%#(N - 2%(J~1))))
GO TO 5

CONT INUE !
HNX = HNX + COEF(N,J)

CONTINUE

GO 7C 3

END

SUBROUTINE MOMEN({AsBsU) !
DIMENSION U(20)
00O 1 1 = 1,20

Ull) = 0,

X =28

CALL NORMX{XsPoZ;

cC=7°7

X=A v
CALL NORMX(XsPsZ)

¢y =C~P

C = le0/C1

RTP = 24506628274

ETA = EXP{-(A®A}/2,])

ETB = EXP(~-(B*B)/2.)

U(l) = (C/RTP)*(ETA - ETB)

U(2) = (C/RTP)*(A%ETA - BRETB) + 140

DO 2 M = 3,20

XM = M

UIM) = (C/RTP)*{A*%(M—1)*ETA ~ BE¥(M=-1)#ETB)+( (XM=1,)#U(M=-2))
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2 CONTINUEZ
RETURN

20

23
24

END

THIS

THIS

. ROGRAM ACCEPTS THE MOMERNTSs U(I)s I = 19224002200
AS INPUT AND COMPUTES THE CUMULANTS.

PROGRAM ACCEPTS THE MOMENTS ABOUT THE ORIGIN AS

INPUT AND COMPUTES THE CUMULANTS (UP T0O-12).

SUBROUTINE CUMUL (U CsFACT)
DIMENSION CC(204920)sU(20)sC(20)sFACT(20)

SAVE
LYV

= U1}
(11120524420

DO 23 KK = 1,20

KR =
U(KR
KRM1

21 ~ KK
) = UIKR) + (~1.0%U(1))**KR
= KR -1

IF(KRM1)24+24+25
DC 23 IR = 1s+¥RM]
KRMIR = KR - IR

ULKR

) = UIKR) +(FACT(XR)/{(FACTIKRMIR)*FACTUIR)})*({~1,

1 #% KRMiR)*®U(IR)

CONT
CONT
DO 1
ce1)
PO 1
ccur
CONT
DO 2
ccl1
CONT
DO 3
DO
J1
00
K1
cct
CON
PO &
DO &
ccer
CONT
DO 6
DO 5
LI
CONT
C(J)
CONY
c(1)
RETU
END

< WV W

THIS

INUE

INUVE

I = 1,20

= 0.

J = 1920

+oJ) = 0,

INUE

J = 1,20

sJ) = ULNV/FACT (D)

INUE
= 2+20

2+20

1

1eJ1

1
J

[ S L N T |

N
K
J K
eJ) = CCUIoJs + CCL{LloKI*CC(I-19K1)}
1NUE
1 2920

K 2420
9K) = CCUIoK)*(~1%%(]1~-1))/FACTI(I])}
INUE

J =120

1 = 1,20

= C{J) + CCUI+D)
INUE

= FACT{J)*C(J)
INUE

= SAVE

=N

PROGRAM COMPUTES THE AREA UNDER THE STANDARD

NORMAL CURVE FROM MINUS INFINITY TO X

SUBROUTINE NORMX(X:PsZ)

G =

101283791 7*EXP(~(X¥*¥X/24))

0*U(1))

17
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2 = G/2.82842712
XA = ASS(X)
IF(XA ~ 2.5) 1055106+106
106 U = 1o/ {XA+1/IXA+2e/ (XA+2 o/ (XA+4 e/ (XA+5,/ (XA+6e/ (XA+T o/ (XA+8e/ (XA
149¢ /7 (XA+10e/(XA+11e/(XA+12e/XA)1))) )Y )))
IF{X) 107+108,108
107 P =" U¥2
GO TO 101
108 P = 1o - U%*Z
‘ GO T0 101
105 ET = 1441421356/7(1.4142135640.3275911%ABS(X)
U=6G % ((({0e946064607%#ET~1,28782245)%*ET+1.25969513)#ET=0, 25212866
18)%ET+0,225836846) %ET
IF{X) 102510345103
182 P = U/2.
GO 10 101
103 P = 1s - U/2,
101 CONTINUE
RETURN
END

THIS PROGRAM COMPUTES THE POINT X EXCEEDED WITH PROBABILITY 1 - P

SUBROUTINE NORMP(PsXs2)
I =1
J =1
IF(P) 213+2145215
215 IF(P=1e) 21692179213
216 1F(P-Ca5) 20252025203
202 @ = P
GO TO 204
203 @ = 1. - P
204 ET = SART(-2.*%ALOG(G))
NCYCL = O
XN=ET~(({0,010328*ET+0.802853)*%ET+24515517)/(({0+001308%ET+0.189269
1)%ET+1432788)%ET+1.)
IF(P~0e5) 2054256925¢
205 XN = -XN
256 XA = ABSI(XN)
G = 141283917*EXP(-XN%¥XN/2,)
Z = G/2.82842712
IF(XA = 2¢5) 20692515251
251 U = le/(XA+1a/(XA+2e/(XA+3 0/ (XA+4 e/ (XA+5e/ (XA+6e/ (XA+T . /(XA+8./( A
149 /(XA+10e/ (XA+11a/(XA+12/XAN)) D) )N DI
IF(XN) 107,107,108
107 PN = U#*Z

GO TO 209 .
108 PN = 1. - U%*Z
GO TO 209

206 ETA = 141421356/(1441421356+043275911%ABS(XN))
U=G* (' ((0+94054607%ETA~1.28782245)%#ETA+1. 25969513)*ETA“O.252128668
1)%#ETA+0.225836846)*ETA
IF{XN) 20752084208
207 PN = U/2.
GO TO 209
208 PN = 1le.- U/2.
209 ER = (PN - PY
IFCABS(ER) ~ P*1.E-7) 21052109211
211 NCYCL = NCYCL + 1



IFINCYCL — 10) 121191211+269
269 GO TC 210
1211 XN = XN - ER/Z
GO TO 256
210 X = XN
GO 10 201
X = =4999999G9E 38
z = C‘o‘
GO TO 201
X «e99999999E38
Z O
201 CONTINUE
GO TG 240
213 PRINT 230s 19JsP
230G FCOIMAT(41HOERRONEOUS FPROBABILITY IMPUT IN FLFMENT (1491HsI4s7H) VA
1LLUE F16.8)
RO TG 201
240 RETURN
END

214

2117

SUBROUTINE DENSIE{(FNXsitsYsCsFACT»COEF)
DIMENSION CCl14+14)9C{2C) s COEF{100550)s FACT(20)

DO 1 I = 1914

DO 1 J = 1914

CCiIqsJ) = 0.
1 CONTINUE

XN = N

X =Y

ROOTN = XHN##045

SD = C(2)%%0,.5

DO 2 J = 1914
CCl1sJ)=(CUI42)/SD**(J+2) )/ (FACT(J+2)*ROOTN##J)

2 CONTINUE

DO 4 I = 2514

DO & J = 2914

JM1 = J - 1

DO 3 K = 1sJIMI1

JMK = J -~ K

CClIsd) = CCl1eJ) + CCL1sKIHCC(T-19IMK)
3 CONTINUE

CCileJd) = (=1e*¥®J)¥CC(T1su) /FACT(I)
4 CONTINUE

FNX = O.

DO 5 1 = 1913

DO 5 J = 1,13

Iv = 2% + J - 1

CALL HERMIT(IVsXsHNXsCOEF)

FNX = FNX + CC{IsJ)%{=14%%]V)*HNXHEXP(~(X¥%¥X)/2+)%0439894228
5 CONTINUE

CALL NORMX(XsP»sZ)

‘FNX = FNX + P

RETURN

END

19
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TABLE 1

PERCENT LOSS OF POWER
wHENN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN
FACT U = C AND THE POPULATION IS SYMMETRICALLY TRUNCATED AT
THE TERMINUS POINT A = 1.00 ‘

C 0.0 0.5 1.0 1.5 2.0 2.5
N
5 99.51 43.90 -18.97 -4,59 -0.24 -0.00
¢ 99.01 34,179 -17.90 -2.18 -0.06 -0.,00
1 98.76 25.99 -15.01 -1.02 -0.01 -0.00
e 93.61 17.94 -11.84 -0.47 -0.00 -0.00
9 98.49 10.76 -9.00 -0.22 -0.00 -0.00
10 98.41 4.49 -6.69 -0.10 -0,00 -0.00
11 98. 34 -0.89 -4,89 -0.04 -0.00 -0.00
12 '98.28 -5.43 =3.55 -0.02 ~0.30 -0.00
13 98.23 -9.19 =2.56 -0,01 ~-0.00 -0.00
14 98.19 -12,22 -1.83 ~0.00 ~0.00 ~0.00
15 98.16 -14.62 ~1.31 -0.00 =-0.00 -0.00
1¢ 98013 "16'43 -0093 -0.00 "0.00 O.
1.7 98.10 "17075 "0066 -0'00 _0.00 00
18 98.08 "'18063 -0.47 ~-0.00 -0.G0 Oe
19 98.06 -19014 "0-33 -0.00 -0.00 0.
2 98.04 -19.34 -0.24 ~0.00 -0.00 O.
21 98.02 -19.28 -0.17 -0.00 -0.00 0.
22 98.01 -19.01 -0.12 -0.00 -0.00 0.
2?2 37.99 -18.58 -0,08 -0.00 -0.00 0.
24 97.98 -18.02 -0.06 -0.00 -0,00 0.
22 97.97 -17.36 -0,04 -0.00 o. 0.
26 97.96 ~16.63 -0.C3 -0.00 0. 0.
21 97.95 "15086 -0.02 -0000 0. 0.
28 9709" "15005 —0001 -0000 00 0.
29 97.93 —14.24 —0001 ‘0000 0. Qe
3C 97.92 -13.42 -0.01" -0.00 0. 0.
35 97.89 -9.64 -0000 -0.00 O. 0.
40 97.87 -6065 —0-00 "0000 00 0.
45 97.85 “‘4150 -0.00 0. O. C.
5C 97.83 "3000 -0000 00 O. 0,.
62 97.81 -1.31 ~-0.00 0. O. 0.
70 97.79 -0.56 -0.00 0. o. O.
8¢ 97.78 ~0.24 -0.00 O. O. De
9C 97.77 "0010 -0.00 0. 0. 00.
1“0 97.77 -0-0‘0‘ 00 00 00 O.
200 97.73 "0.00 Oe 00 0. Oo
300 97.72 -0000 0. 00 . Oo 0-
40C 97.72 O O O. Oe 0.
500 97.171 O 0. 0. O. 0.
1000 97.71 O.. 0. O. 0. 0.
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TABLE 2

PERCENT LOSS OF POWER
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN
FACT U = C AND THE POPULATION IS SYMMETRICALLY TRUNCAIED AT
THE TERMINUS POINT A = 1.50

C 0.0 0.5 1.0 1.5 2.0 2.5
N
5 T1.64 19.85 ~-8.68 -3.37 -0.25 -0.00
6 72.68 15.16 -8.82 -1.88 -0.06 -0.00
7 73.10 10.95 -8.13 -0.97 -0.01 -0.00
8 73.32 7.43 -7.04 -0.47 -0.G0 -0.00
9 73.43 4.40 -5.85 ~-0,22 -0.00 -0.00
1o 73.50 1.82 -4.71 ~0.10 -0,00 -6.00
11 73.54 -C.36 -3.70 -0.04 -0.00 -0.00
12 73.56 ~2.21 -2.85 ~0.02 ~-0.00 -0.00
13 73.58 ~3.75 -2.16 -0.01 ~0,00 -0.00
14 73.58 -5.03 -1.62 -=0.00 -0.00 -0.00
15 713.58 =6.09 ~l.19 -0.00 -0.00 -0.00
10 73.58 -6094 "'Oo 87 -0.00 -O.UO 0.
17 73.58 -7.61 -J.63 "0000 -0,00 O.
13 73.57 -8.13 ~0.46 -0.00 -0.00 0.
19 713.57 ~-8.52 -0.33 ~-0.00 -0,00 0.
20 73.56 -8.78 -0.23 -0.00 -0.00 0.
21 73.55 -B.94 -0.16 -0.00 ~0.00 0.
22 73.55 -9.02 -0.12 -0.,00 -0.0G0 0.
23 73.54 -3.01 -0.08 -0.00 ~0.00 O
24 73.53 -8.95 -0.06 -0.00 -0.00 0.
25 73.52 -8.83 "0004 -0.00 0. 0.
26 73.52 -8.66 —0003 -0000 0' 0.
27 73.51 -8.46 -0.02 -0.00 0. 0.
28 73o51 -8023 "0.01 "0.00 Oo 0.
29 73.50 "7097 -0001 "0000 O. 00
30 73-49 —7.70 —0001 -0000 Oo 00
35 73.47 "6019 "0.00 “'O’,UO 0- O.
4C 73.44 -4.72 -0.00 -..00 0. 0.
45 73.43 -3.46 -0.00 L 0. 0.
50 73.41 —2047 "0-00 Oo Oo 0.
60 73038 -1018 -0000 Oo 00 Oo
1C 73.36 -0.53 “‘00‘00 Oo O. 00
8C 73.35 "0023 -0000 Ov 00 0.
90 -7T3.34 "0010 -0.00 00 O. 0.
100 73.33 '-0.04 0. O-a 0. 0‘
20C 73028 "0.00 0. 0. 0. 0.
30¢C 73.26 -0-00 0. 0. 0. 00
40C 73.26 O 0. 0, 0. 0.
500 73.25 O. 0. 0. 0, Q.
100G 73.24 0. 0. 0. 0. 0.
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TAELE 3

PERCENT LOSS OF POWER
WHEN USING .ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN
FACT U = C AND THE POPULATICN IS SYMMETRICALLY TRUNCATED AT

THE TERMINUS POINT A = 2.00
C 0.0 0.5 1.0 1.5 2.0 2.5
N .
5 37.03 8.39 ~-3.69 -1.75 -0.24 -0.014
6 37-15 6029 "3-80 -1.04 “'0307 "0.00
! 37.39 4,49 -3.60 ~-0.61 -0.02 -0.00
g 37.61 3.00 ~3.22 -0.34 -0.00 -0.00
S 37.78 1.76 ~2.79 -0.18 -0.00 -0.00
1C 37.92 0.75 ~2.34 -0.09 -0,00 ~0.00
11 38.03  -0.14  -1.93 _ -0.04 =-0.00  =-0.00
12 38,12 -0.87 ~1.56 -0.02 -G.00 -0.00
13 38.19 ~1.49 -1.24 -0,01 -0.00 -0.00
14 38.24 -2.00 -0.97 -0.00 ~0.00 -0.00
15 38.29 -2.43 -0.75 -0.00 -0.00 -0.00
16 38.32 "’2078 -0.58 -0.00 -0.00 0.
17 38.35 -3.06 ~0.44 -0.00 -0.00 O.
18 38.38 -3.29 -0.33 -0.00 ~0.00 O.
19 38.40 -3.47 -0.24 -0.00 -0.00 0.
20 38.42 ~3.60 ~0.18 ~0.00 -0.00 0.
22 38.44 -3.76 -0.09 -0.00 ~0.00 Qe
23 38.46 ~-3.79 -0.07 -0.00 -0.00 0.
24 38.47 -3.79 -0.05 -0.00 -0.00 0.
25 38.47 ’ "3.78 -0.03 -0.00 0. 0.
26 38.48 -3.74 -0.02 -0.00 O. 0.
27 38.49 -3.69° ~-0.02 -0.0G0 . 0. 0.
28 38.49 —-3.63 -0.01 -0.00 0. O.
29 38.50 "3055 -0,01 -0.00 0. O.
3C 38.50 -3.47 - -—0001 -0.CO O 0.
35 38.52 -2.95 -0.00 ~0.00 o. 0.
40 38053 . =2.38 -0.00 —0000 0. 0.
45 38.53 -1.85 -0.00 0. 0. 0.
5C 38.53 -1.40 -0.00 0. 0. O.
60 38.53 -0.74 -0.00 0. 0. 0.
7¢C 38.53 ’0.37 =0.,00 0. 0. .Oc
80 38.53 "0‘17 "0.00 0. O. 0.
90 38053 "0.08 ‘.'0.00 0. 0. 00
100 . 38.53 "0003 0. 0. 0. 0.
200 38.52 "’0000 O. O. Oo 0.
300 38.52 0. 0. 0. 0. O.
400 38.52 0. '00 00 0. 0.
50C 38.52 O. O. 0. 0. O
1000 38.51 0. 0. O. 0. Oe

25
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C AND THE POPULATION IS SYMMETRICALLY TRUNCATED AT

TABLE

4

PERCENT LOSS OF POWER
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN

THE TERMINUS POINT A =

0.0

13.45
13:66
13.87
14.06
14.22
14.35
14.45
14.54
14.61
14.67
14.72
14.77
14.80
14.83
14.86
14.88
14.90
14.92
14.94
14.95
14.96
14.98
14.99
14.99
15.00
15.01
15.04
15.06
15.07
15.08
15.10
15.10
15.11
15.11
15.11
15.12
15.13
15.13
15.13
15,13

0.5

2.96

2.35

1.69

l.12

0.65

0.27
-0.05
-0032
‘0.53
-0071
-0.86
"0099
“1009
-1.17
‘1-23
-1028
-1031
-1034
-ll35
-1136
‘lo36
-1-35
-1.33
-1032
_1029
-1027
-1010
-0092
’0.73
-0057
-0032
-0017
"0008
‘0-04
-0-02
-0.00

0.
0.

. O

2.50

1.0

-1035
-1.48
"1.38
_1021

-1004.

-0.63
-0.74
-0061
“0049
-0.40
-0.32
=-0.25
-0.20
-0015
‘0012
“0009
-0.07
-0005
-0004
-0.03
_0002
-0.02
-0001
“0001
-OoOi
‘0.00
-0.00
-0000
-0.00
-0.00
-0.00
-0.00
“0000
-0.00
O.
0.
O.
0.
0.
O

1.5

"Oobo
-0'35
‘0.23
°0015
-Ouog
~-0.05
‘0003
-0.02
-O-CI
-0.00
-U.OO
~0.00
-0.00
-O « 30
~0.00
-U.00
-0.00
_0000
~0.00
-0.00
-0.00
‘0.00
-0.00
-0.00
‘0.00
-0.00
-0.00
-0.00
0.
0.
0.

2.0

’0014.

”0.05
“0.02
’0:01
~-0,00
-0000
«“0.CO
-0.00
-OQOO
-0.00
-0.60
—0‘00
’0000
“0.00
—0000
~-0.00
'0000
-ODUO
-0.00
‘0000
0.
0.

0.
0.
0.
(U
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
C.
0.
O.

2.5

‘0.01
-0.00
-OOOO
-0.00
-0.00
“0000
-0.00
~-0.00
-0.00
-0.00
-0.00
0.
O.
0.
0.
O
O.
0.
0.
0.
O.
0.
0.

0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
O.
0.

g g g st
H
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i B Y 2 I

v

1C
il

-
4

13
14
15
1A
17
12
16
cC
21

y
23
24
25
26
21
28

-
&

30
35
40
45
50
6C
70
8C
9C
100
200
300
400
500
100C

C 0

.
o]

[SVIRVE BN
L} [ ) [}
AN
1O M

3.62
3.75
3.85
3.94
4,01
4,07
4.12
4.16
".19
4.23
4.25
4,28
4,30
4,32
44,33
4.35
4,36
4.37
4,38
4439
4.40
4.41
4.41
444
4,46
4e47
4,48
4,50
4,50
6051
4,51
4,52
4.53
4453
4,53
4.53
4,53

TABLE

5

PERCENT LOSS OF POWER
WHEN USING ONE SIDED TESTS OF THZ HMYPOTHESIS U =0 IF IN
J = C AND THE PUPULATION IS SYMMETRICALLY TRUNCATED AT
TERMINUS QPUINT A =

0.5

'0."9
G.74
C.61
0.4l
GCe24
Q.09
_0002
-0011
-0.18
_0023
“0028
-0031
~0.34
=-0.356
-0.338
'O039
‘0'40
~0.40
-0040
-0.40
“O.40
—0040
=0 39
-O¢39
—0038
’0.37
-0032
"0027
~0.22
-0.17
-0.10
-0.05
—0003
-0.01
fOQOI
-0.00
Oe
0.
0.
0.

3.00

1.0

"0-32
~-Ue8&1
“0041
'0032
-0.25
‘0020
-0016
—0013
‘0011
—0009
—0007
‘Ooqb
-0.05
-0.04
-0.03
‘_0.02
-OQUZ
“0.01
‘0.01
-0.01
-0,01
~-0.00
-2.,00
-0.00
"0.00
-0.G0
-0.C0O
_0000
“0.00
~0.00
-0.00
‘0.00

“0000 )

O.
0.
0.
O
0.
0.

1.5

-0005
0.01
-0.02
-0.03
—0003
"0.011.
~0.01
-000!.
-0.00
-0.00
-0.00
-0.,00
"0000
-0.00
-OQOO
-0.,00
—0-00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
‘0.00
"0.00
-0.00
-0.00
0.
0.
0.
0.
O.

e
Qe
0.
O«
0.
Q.

27



TABLD 6

PERCENT LOSS OF POWER
WHEN USING ONC SIDEC TLSTS OF THC HYPOTHESIS U =0 IF IN
FACT U = C AND THE POPULATION IS SYMMETRICALLY TRUNCATED AT
THE TERMINUS POINT A = 3.50

C 0.0 0.5 1.0 1.5 2.0 2.5
N ’

5 -0.94 -0.51 0.07 0.15 -0.06 -0.,01

6 -0.21 D.18 -0.35% 0.1¢4 -0.01 -0.01

7 0.08 0.26 -0.28 0.06 -0.01 ~0.00

8 0.24 v.19 . -0.17 0.01 ~0.01 -0.00

] 0.36 0.11 -0.09 -0,00 =-0.00 -0.00

10 Qe45 0.04 -0,05 -u.01 =-J.L0 =0.00

11 0.52 ~0.01 -0.02 -0.01 -0.00 -0.00

12 0.58 ~-0.05 -0.01 -0.01 -0.00 -0.00

13 0.63 -0.07 -0.01 -0.00 -0, 00 -0.00

14 0.67 -0.09 -0.01 -0.00 ~-0.00 -0.00

15 0.71 -0.10 ~0.01 -0,00 -0.00 ~0.00
16 0.74 -0.11 ~0.01 -0.00 -0.00 0-
17 0077 -0.11 -0001 —0.00 -0000 0.
18 G719 -0.12 -0.01 ~-0.00 -0.G0 O.
19 0.81 -0.12 -0.01 -0.00 =-0.00 0.
20 0.83 ~0.12 ""0001 "0000 -0.00 O.
21 0.85 ~0.12 -0.01 © -0.00 -0.00 0.
22 0.86 -0.11  -0.01 ~0.00 -0.G0 O.
23 0.87 -0.11 -0.00 -0.00 =0.00 0.
24 0.89 ~0.11 -0.00 -0.00 ~-0.00 0.
25 0.90 -0.11 -0.00 -0,00 O. 0.
2¢ U.91 -0.10 -0,00 -0.00 0. 0.
21 0.91 -0.10 -0.,00 -0.00 0, 0.
28 0.92 -0.10 °0000 “0.00 0. 0.
29 ’ 0093 -0009 "0000 "0.')0 0. O.o
30 0.93 -0.09 ~-0.00 -0.00 Je 0.
35 0.96 -0.07 -0.00 -0.00 Qe 0.
40 0.98 -0.06 ~0.00 -0.00 Je 0.
45 0.99 -0,05 -0.00 0. O. 0.
5C 1.00 ~0.04 =0.00 Q. 0. O
60 1.01 -0.02 -0.00 0. O. Q.
70 1.01 -0001 "0.00 Oo 00 0.
80 1.02 —0001 "'0000 ' Oo 0. Q.
9C 1.02 -0.00 -0.00 0. 0. 0.
100 1.03 -0.00 0. 0. 0. 0.
200 1.03 0. 0. 0. 0. 0.
300 1.04 0. 0. 0. 0. 0.
40C 1.04 0. 0. 0. 0. C.
500 l.04 O. 0. 0. 0. 0.
100C 1.04 O. 0. - 0. O. 0.
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FACT U

PERCENT

RIGHT AY THE PUOINT A =

[Yolks TR BN oulR® [ boig

1G¢

12
13
14
15
16
17
18
19
26
21
22
23
24
25
2¢

28
29
30
35
40
45
50
6C
70
80
90
10C
200
320
400
500
1000

0.0

35.938
10.43
75.838
83.4%
82.26
6e4T
87.42
88.21
88.92
89.55
96.13
S0.67
91.16
91.62
92.05

2“’"
92.81
93.16
93.48
93.79
94,08
94.35
94.60
94 .84
95.07
95.28
96.19
96.90
I7.45
97.89
98.53
98.96
99.25
99,45
99.60
39.97
10C.00
100,00
100,00
100,00

0.5

46.29
40.80
40.41
40. 1‘9
39.75
39.156
38.48
37.77
37.04
36.3¢C
35.56
34.81
34,06
33.31
32:55
31.80
31.05
30.31
29.56
28.82
28.08
2734
26.62
25.89
25.18
24.47
21.06
17.90
15.05
12.52
8.42
5.47
3.47
2.14
1.30
0.00
0.00
0.G0
0.00
0.

TABLE

1.50

1.0

15.07
Q.50
8.08
7.11
6.12
5.16
429
3.52
2.685
2.29
1.82
1.42
1.11
0.35
0.65
0.49
0.37
0.27
0.20
0.15
Celi
0,08
D.06
0.04
0.03
0.02
0.00
0.00
0.00
0.00
0.

‘ "0000
-0,00
~0.00

Q.
0.
0.
O.
0.
0.

7

‘0SS OF POWER
WHEN USING ONE SIDED TLSTS CF THE
= C AND THE POPULATION IS SINGLY TRUNCATED ON

1.5'

1.92

1.01

0.80
0,44
0.17
0.04
“0.00
-0.01
‘0001
-C.C1
-0.00
-0.00
-0-00
-J,00
-0.00
~0.00
-0.00
~-0.00
-0.00
"'0000
-0,00
-0.00
~2.00
-0.00
~-0.00
=040
-0.00
—0.00
0.
0.
0.
0.
O.
O.
0.
0.
c.
0.
U.
0.

HYPOTHESIS U

=0

IF IN
THC

29



FACT U = £ AND THLE POPULATION IS SINGLY TRUNCATED ON

TABLE

8

PERCENT LOSS OF POWER
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN

RIGHT AT THE POINT A =

=~

£

1C

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
6C
70
8C
90
106
206
360
40C
500

106¢

30

0.9

28.54
40.90
45.18
47.37
48.87
50.07
51.1?
52.08
52.98
53.81
54,51
55.37%
56.09
50.78

7:45
58.09
58.7.
59.31
59.88
60.4%

60.98-

61.51
62.02
62.51
63.00
63.47
65.64
67.57
69.30
70.87
73.62
75.95
77.96
19.72
8l.27
90.47
94.53
96.67
97.89
99.70

0.5

17.99

16.50

16.16
15.74
15.29
14.83
14.37
13.93
13.49
13.07
12.65
12.25
11.85
11.46
11.07
10.69
10.32
9.95
2.59
9.24
8.89
8.56
8.23
7.90
T.59
7.28
.87
4.565
3.64
2.80
1.60
0.88
Veb6
0.24
0.12
0.00
0.
0.00
0.
o.

2.

oc

1.0

5.15
3.27
2.57
2.17
1.85
1.55
1.28
1.03
0.82
0.64
0.50
0.38
0.29
0.21
0.16
0.12
0.08
0.06
0.04
0.03
0.02
0.01
0.01
0.01
0.00
0.00
0.00
G.00
0.00
0.00

0.,
0.00
0.00
Ce.
0.

0.
0,
0.

1.5

0.43
0.61
0.32
C.14
0.05
0.01
-0000
-0.01
-0.00
-C. 00
-0. 00
-0 000
"0 000
~-G.00
-N.00
"0000
-0.00
-0000
"OnOO
-0 000
-0.00
-0.00
-0.00
-0-00
~0.00
-0.7:0
-0.00
-0 000
0.
0.
o.
0.
O.
0.
e
O.
O.

0.
Ce

THE

2+5

0.01
-0001
-0.00
"0.00
-0000
-0.00
-0000
-0.00
-0000
‘0.00

0.
0.
0.
0.
0.
0.
OJ
0.
0.
Oe
0.
0.
Ve
0.
O.
0.

0.
0.
e.
0.
0.
0.
0.

0.
0.



TABLF

9

PERCENT LAOSS UF PUWER

WHEN USING ONZ SIDED

FACT U

C AND

RIGHT AT THE

Folio BE NI o IRV, Wb

1¢

12
13
14
15
16
18
19
20
21

2
“

23
24
25
26
-
28
29
30
35
40
45
50
6G
79
80
95
10C
200
300
400
500
100C

.0. {\)

9.71
15,05
16.95
17.97
18,09
19.28
19.80
2G.217
20.72
21.14
21.54
21.92
22.28
22.64%
22.98
23.31
23.63
23.94
24.24
24.54
24.83
25.11
25.338
29.65
25.92
26.18
27.40
28.53
29.%8
30.56
32.36
33.99
35.48
36.85
38,13
47.76
54,30
59,27
63,26
75.89

POINT A =

.05

5.62
5.29
5.12
4.91
&, 70
4 .49
4.30
4.13
3.97
3.82
3.67
3.53
3.4%0
3.27
3. 14
3'02
2.90
2473
2.67
2.56
2.45
2.34
2.24%
2.14
2.05
1.906
1.53
1.13
0.90
0.67
0.36
0.19
0.09
0.04
0,02
0«60
O.

0.00
O,

O.

TESTS uf THE HYPOTHESIS U

2.50

.

‘1.0

1.62
0.75
V.56
0.51
0.47
0.42
V.36
0.29
0.24
v.18
0.14
0.11
0.08
D06
.04
0.03
.02
J.01
0,01
0.01
0.00
0.00
0.00
0.00
0.Cou
0.00
-0.00
-0.00
-0.00
-0.00
0.
-0000
-0.00
—0000
o,
Q.
Co
0.

0.

1.5

0.1o
a3
0.15
(ta5
0.02
-0 .10
-U.91
-0).01

T =0.00

-5.00
-0.900
-J.10
~0.00
-0.00
-0.00
~000
-0.00

~0.00

-0.00
~-0.00
-0.00
‘0.00
-0,00
-0.00
-0.00
=-0.900
(. (0
-0000
0.
O.
0.
0.
O.
Qs
0.
o.
0.
0.
0.
0.

-0.06
0,02
-0.01
~5,01
-0.,00
-OQOO
-0.C0
-0.00
-0.00
=0.00
-0.00
-0,00
-0.00
=0.00
-0.00
-0.00
_0.00
=0 ,00
—0000
-0.00
Ue
0.
0.
O.
Q.
0.
C.
0.
0.
O.
0.

0.
0.
Ge
O.
(VB

v
Ve

0.

=0

THE POPULATION IS SINGLY TRUNCATED ON

IF IN
THE

2+5

~0.90
-0.01
-0.00
-0.00
-0.00
-0.00
-0000
-0.00
-0.00
-0.00
--0.,00



TABLE 10

PERCCNT LGSS UF POWER
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN
FACT U = C ANC THE POPULATION IS SINGLY TRUNCATED ON THE

RIGHT AT THE POINT A = 3.00
C 0.0 0.5 1.0 1.5 2.0 2.5
~t
5 0.50 lels 0.60 0.13 -0.06 =0.00
€ 3.18 1.37 -0.02 0.21 -0.02 -0.01
1 4.09 1.37 -0.03 J.10 -0.01 -0.00
# 4.55 1.29 0.03 0.04 -0.01 ~0.00
B 4,85 1.19 0.08 V.01 -C.00 -0,00
1c 5.09 1.10 0.10 -0.900 -0.00 -0.00
11 5.29 1.02 0.10 =-J.01 -0.00 -0.00
12 5.47 0.96 a.09 -0.00 -0.,00 -0.00
13 5.63 0.91 0.08 -0.00 ° -0.00 ~0.00
14 5.78 0.87 0.06 ~-0.00 ~0.00 -0.00
15 5.92 0.853 .0.05 -0.00 -0.00 -0.00
14 6.05 J.T9 0.03 -0.00 -0.00 0.
17 617 0.76 0,02 -0.00 -0.,00 0.
18 6029 0.73 0-02 "'0000 -O.UO 0.
16 6.40 0.70 J3.01 -0.00 -0.00 0.
21 6.61 0.65 0.00 -0.00 -6.00 O.
22 6.71 0.62 0.00 -0.00 -0.C0 0.
23 6.80 0.60 0.00 -0.00 -0.00 0.
24 £.90 0.57 0.00 -0.00 -0.00 0.
25 6.G9 0.55 -0.00 -0.00 C. 0.
26 1.07 0.53 -0.00 -0.00 O. - 0.
217 7.156 9.50 -0.00 -0.00 9. - 0.
28 T.24 0.48 -J.,00 ~-0.,00 0. 0.,
29 7.33 0.45 -0.00 -0.00 0. 0.
30 7.41 Oet 4 ~-0.5G0 -0.00 0. 0.
35 T.78 0.35 -0.00 -1,00 O 0.
40 8.13 0.27 -0.00 ~J.00 O. 0.
45 8.45 0.20 ~-0.00 O. 0. 0.
SO 3076 0-15 "0.00 0. 0- 00
6C 9.32 0.073 0. 0. 0. 0.
10 F.54 0.04 =-0.:00 C. O. 0.
80 10-32 0.02 -0.00 ')o Oo 00
90 10076 0.01 ‘0000 O. 0. 00
10C 11.19 0.00 0. 0. Q. O.
210 14.56 D.00 0. 0. 0. C.
300 17.08 0. 0. 0. 0. O.
490 19.17 0. 0., . 0. 0. 0.
500 20.98 0. 0. Q. 0. 0.

100¢C 27.77 0. 0. 0. O. 0.



TABLE 11

PERCENT LOSS OF POWEK
WHEN USING -ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF¥ IN
FACT U = C AND THE POPULATION IS SINGLY TRUNCATED ON THE

RIGHT AT THE POINT A = 3.50
¢ 0.0 0.5 1.0 1.5 2.0 2.5
N .
5 ~-1.88 -~0.37 0.32 0.18 -0.07 -0.00
€ ~0.37 0.28 -0.22 0.19 -0.01 ~-0.01
'7 0.1‘0 0.39 -0018 0-0(‘ -0.,01 -0.00
8 0.39 0.35 -0.08 0.03 -0.01 -0.00
S 0.55 0.2G -0.01 0.01 -0.00 -0.00
10 0.67 0.23 0.03 -0.00 -0.00 -0.00
11 0.77 0.19 0.04 , ~0.01 -0.00 -0.00
12 0.85 0.16 0.04 -C.00 ‘0.00 "0000
13 0.92 0.14 0.04 -0.00 -0.00 -0.00
14 0.98 0.12 0.03 -0.00 -0.00 -0.00
15 1.04 0.1 0.02 ~0.00 -0.00 -0.00
16 1.09 0.10 0.02 -0000 "0.00 0.
17 1013 0410 0.01 -0'00 -0000 0.
18 lol? 0.10 0.01 ‘0.00 ‘0-00 0.
19 1021 0.09 0000 -0000 "0.00 00
20 1.24 0.09 0.00 -0.00 -0.00 O.
21 1028 0.09 0000 °0000 -0000 00
22 1031 0.09 -0000 -0000 -0000 - 0.
23 1334 0.09 "0.00 '0000 -0000 0.
24 1.36, 0.08 ~0.00 -0.00 -0.00 0.
25 1.39 0.08 -0.00 -0.00 0. 0.
26 l.41l 0.08 -0.00 -0.00 . 0. 0.
27 1.44 0.08 -0.00 ~-0.00. 0. a.
28 1.46 0.08 -0.00 -0.00 C. 0.
29 l1.48 0.08 -0.00 -0.00 0. 0.
30 1050 0007 —0000 - -0000 00 0.
35 1.60 0.06 —0000 -~0.00 0. 00
4C 1068 0005 -0.00 "0-00 00 0.
‘05 1.76 0.04 “0.00 O- 0. 0.
50 1082 0.03 -0.00 Q. Oo 0.
&C 1.95 0.02 0. o. O. 0.
7C 2.06 0.01 -0.00 0. 0. 0.
SC 2.’.6 0.00 -0000 O 0‘0 Ot
90 226 0.00 -0000 O. V. 0.
100 2.35 0.00 0. 0. 0. 0.
20C 3.07 O. 0. 0. c. 0.
300 3062 0. O. 0. O. 0.
400 4.09 0. 0. O. 0. O.
50C€ 4.50 Qs 0. 0. 0. 0.
100C 6.09 0. 0. 0. 0. 0.
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FACT
LEFT

16
11
12

13

L4 -

15
1¢&
17
1€
16
zZ¢
21
22
23
24
25
25
27
2¢&
2G
3¢
35
4C
45
50
6C
10
8C
9C
10C
2006
30C
400
50C
1008

LH D 2

U =

TABLE 12

PERCENT LGOSS OF POWER
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U

AT THE POINT A =

G.0

-49,.31
-54.70
-53.72
-65.61
-78.71
-92.36
-99.24
-106.11
~119.85
~126.71
-133.55
-146.38
-147.21
-154.02
-160.82
-167.61
-181.16
-187.93
-194.69
-208.18
-214.92
~248.49
~-281.92

-315.18 .

-348.21
-478058
-604.57
'665055
~1179.44
-1511.63
-1702.71
-1803.99
-1898.34

0.5

-41.45
~-37.87
-37.50
-38-11
~38,.,65
-356.80
-=38.53
=37.90
-36.97
"35.83
—33011
~31.62
=-27.02
-25.50
=22.58
-21.19
-17.35
-16.19
=-15.10
—14006
-9.73
-6.63
-4.47
-2.99
-1031
—0u56
-'0-24
-0010
-0004
-0.00
—;0000

O.
0.

-1.50

1.0

~21.17
-17009
~9.64
~7.49
=-5.77
~4437
-3.26
-2.40
-1.76
-1'27
-0.92
~0,66
-0.47
-'O. 33
-0.24
-0.17
~0.12
‘0.08
-0.06
-'0.0‘t
-0003
‘0002
—0001
-0001
-0.01
-0.00
-0.00
—0300
-0.00
-0.00
-0.00
-0000
-0,00
0.
Oe
0.
0.
0.
0.

00

2.0

0.37
-0. 08
-C.02
-0.C0
-0.00
-0.00
-0.00
"0000
-0.00

0.

=0

C AND THE POPULATION IS SINGLY TRUNCATED ON

IF IN
THE

"0001

6.00
-0.00
-0.00



TagLE 13

PERCENT LOSS OF POWER
WHEN USING ONE SIDED TgSTS OF THE RYPOTHESIS U =0 IF IN
FACT U = C AND THc POPULATION IS SINGLY TRUNCATED ON THE

(.4 2 TS PN

LEFT AT THE POINT A = =2.00
C 0.0 0.5 1.0 1.5 2.0 2.5
N
5 -5.81 -13.02 -T.8¢ -1.36 -0.16 -0.04
[ -13.80 -11.81 -7.06 -1.22 -0.04% -0.00
7 -17.26 -12.46 -5,89 -0.71 -0.02 0.00
8 -19.64 ~13.23 -4 .88 -0.36 -0.01 -0.90
9 ~21.69 ~-13.84 -4.00 -0.18 -0.00 -0.00
1C -23.60 ~l4.25 -3.23 -0.09 -0.00 -0.00
11 -25.46 -14.48 —-2.57 =-0.0¢ -0.0G06 -0.00
12 =27.27 -14.57 -2.02 -0.02 -0.00 O.
13 ~29.05 ~-14.55 -1.56 -0.01 -90.00 O.
14 -30.80 -14.42 -1.20 ~0.00 -0.00 0.
15 ‘32.053 -14-22 -(1.91 "0.00 -0000 0.
16 -34.24 -13.95 -0.,68 -0.00 -0.00 0.00
17 -35.93 -13.64 -0.51 -9.00 "=-0.00 0.00
18 ~37.60 -13.23 -0.37 -U.00 -0.00 0.
19 -39.24 ~12.89 =0.27 ~0.00 -0.00 0.
2C -40.87" -12.47 -0,20 -0.00 =0.00 0.
21 -42049 ‘12004 -0 14 -0.00 -0.00 00
22 -4"008 -11059 -0.10 "0000 0. O.
23 ~45.66 -11.13 -0,07 -0.00 0. 0.
24 ~47.23 -10.68 -0,05 -0.00 O. 0.
25 “48.78 —10.22 -0.04 "0.00 0. OQ
26 -5Q0.32 -9.,76 -0.03 -(.00 0. 0.
27 -51-85 "9031 "0002 "0.00 0. O.
28 —53036 "8.86 "0001 "0.00 00 00
29 -5".86 -8.43. "'0.01 "0000 O. 0.
30 —56035 -8000 "0001 -0.00 00 0.
35 -63:65 -6.06 -0.00 -0.00 0. O.
40 -70.73 -4, 47 "0.00 -0.00 On Oc
45 "77.62 -3023 "0000 e Q. 0.
50 -84.36 -2 029 -0.00 0. 0. 0.
6C -97.46 -1.09 -0.00 0. 0. 0.
70 ~110.16 -0.50 ~0.00 0. O. O.
80 -122.54 -0.22 -0.00 o. o. 0.
9C -~134.66 -0.09 ~0.00 o. 0. 0.
100 =-146.58 -0.04 0. 0. 0. 0.
200 -258.89 -0.00 0. 0. Oe. O.
30 =364.41 -0.00 O. O. 0. 0.
400 =~465,.54 O. 0. O. O. 0.
500 ~562.68 O. O. Q. O. 0.
100C -98%.56 0. 0. 0. 0. Q.
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FACT U

L

1

36

FFY

10C
200
300
400
500
00¢

= C AND THE POPULATION IS SINGLY TRUNCATED ON

TaBLE 14

PERCENT LCSS OF POWFR _
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN

AT THE POINT A =

0.0

-0065

-3.86;

~4,99

-5.64

-6.15

-6.61

-7005

-7.49

~7.91
’ -8.34

-8.75

-9.17

-5.58

"9098
-10038
-10.77
-11016
-11.55
“11-93
-12130
-12.67
-13004
~-13.40
-13.76
-14'11
~1l4.46
‘16016
-17.78
~16.33
-20.82
-23.66
-26033
-28087
-31.29
~33,.,63
-53.82
=-70.93
-864.46
-101.01
—166017

UeB

4,17
-3.21
—3.40
~3.72
~4.00
-19021
-4036
-404’5
-4,51
’4.52
‘4.51
-4.47
-4.42
-4.35
-4‘.27
-4.17
-4,07
=-3.96
-3.84
-3.72
-3.60
-3.47
"5035
-3.22
-3.09
-2.97
-2.37
-1084
-1040
-1004
-0.55
-0027
-0.13
'0.06
-0.03
-0.00
0.
0.
O.
0.

'?050

1.0

-7057
-2052
"?ol?
-l.78
’1.48
-1022
_1000
-0.81
“0.65
-0.51
"’0040
"0031
-0.24
‘0018
-0.14
-0.10
-0008
‘0006
‘0.04
-0.03
'0.02
‘0.02
-0001
-0.01
’0.01
-0'00
-0.00
~-0.00
-0000
~0.00
’0000
-0000
-0000
'0000
0.
0.
0.
0.
0.
0.

'0.41
"0041
-0028
-0017
-0.10

- =0.05

-0.03
-0.02
-0.01
-0.G0
‘0.00
-0.00
"0.00
-0000
-0.00
-0.006
-0.00
-0000
-0.00
-0.00
-0'00
-0.00
-0000
‘0000
-0000
-0.00
-0.00
-0.00
0.
0.
0»
Q.
0.
0.
O.
O.
O.
0.
0.
0.

-0.14
-0003
-0.02
'0001
-0100
-0.,00
-0.,C0
-U.00
‘0000
"0.00
"0. GO
-0.00
"C‘ k4 00
“7-00
~J,0C
V.00
0.00
-G 00
“0000
~0.00
0.
0.
0.
O
0.
0.
O
C.
O.
0.
0.
o.
O.
O.
O.
0.
O.
O.

0.

THE

245

-0.02
-0.00
-0.00
"0000
-0.00
~0.006
“0.00
~0.00
-0.00
-6.,900
0.
0.
O

0.
0.
0.

O.
0.
O
0.
O'
0.
0.
0.
0.
0.
Q.

0.
0.
0.
0.
0.
0.
0.
O.

R
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FACT U
LEFT

0.0

“0{22
~-1.64
-1.74
-1.80
-1.85%
—1091
-1'97
-2.03
‘2.09
=2.16
-2023
=-2.31
‘2038
~2.46
—2.53
‘2061
=2.69
-2.76
-2:34
-2.91
-2099
-3.07
-3.14
-3.21
-3.29
-3.65
~-4.00
-4.33
—".65
~5.25
—5082
"6036
~-6.87
~7.35
-11.37
‘14.56
-17.32
-19‘79
-29193

TARLE 15

PERCENT LOSS OF POWER
WHEN USING ONE SIDED TESTS OF THE HYPOTHESIS U

= C AND THE POPULATION IS SINGLY TRUNCATED ON
AT THE PUINT A =

0.5

-1.67
-0.68
-0.63
-0.75
-0.88
_0093
~-1.05
-1.10
-1.13
-1015
-1.15
-1.15
'1015
_1013
~1l.11
’1009
-1.07
"1004
-1.02
-0.99
-0,96
-0.93
"0.90
‘-0087
-0.84
-0.80
—0.65
‘0052
-0040
~0.31

'0009
-0-04
-0002
—0001
-0.00
0.
0.
O«
0.

—3| OO

1.0

-0.67
-0.89
~0.71
-0.55
-0.42
—0033
-0.27
_0021
“0014
-0.11
-3.09
'0007
“0-06
-0.04
-0.03
-0003
~-C.02
-0.02
-0001
‘0-01
-0.01
-0.01
-0000
-0000
-0.00
-0000
~0.06
‘0.00
-0.00
-0000
-0,00
-0.00
-0.00
0.
0.
0.
0.
O.
O.

=0

IF IN
THE
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TABLE 16

PERCENT LCSS OF POWER
wHIN USING ONE SIDED TESTS OF THE HYPOTHESIS U =0 IF IN
FACT U = C AND THE POPULATIUON IS SINGLY TRUNCATED ON THE

LZFT AT THE POINT A = -3.50
C 0.0 0.5 1.0 1.5 2.0 2.5
N
e -1.26 -1.08 ~0.02 0.19 -0.06 -0.01
6 -1.10 -0.12 ~0.42 O.14 -0.01 -0,01
7 ~0.98 0.02 -0.31 0.05 -0.01 -0.00
8 -0.E89 -6.03 -0.19 0.01 -0.01 -0.00
9 -0.82 -0.10 -0.11 -=0.00 -0.00 -0.00
10 -0.77 -0.16 -0.06 -0.01 -0.00 -0.00
11 -0.72 -0.20 ~0.04 -0.01 -0.00 -0.00
12 ~0.69 -0.23 -0.02 -0.01 -0.00 -0.00
13 -0.66 -0.25 -0.01 -0.00 -0.00 -0.00
14 ~0.64 -0.26 -0.01 -0.00 -0.00 -0.00
15 -0.62 -0.27 ~-0.01 -0.00 -0.00 -0.00
16 -0.62 -0.27 ‘0.01 -0.00 _0.00 0.
17 -0.61 -0.27 -0.01 ~0.00 -0.00 0.
13 -0.61 -0.26 -0.01 -0.00 -0.00 0.
16 ~C.61 -0.26 -0,.01 -0.00 ~-0.00 0.
20 -0.61 -0.25 =0.01 -0.00 -0.00 0.
21 -0.61 ~0.24 -0.01 -0.00 -0.00 0.
22 ~-0.61 -0.23 -0.01 -0.00 -0.00 0.
23 -0062 "0.23 "0.00 "0000 —0000 00
24 -0,62 =0.22 -0.00 -0.00 ~-0.00 0.
2% -0.63 _0'21 “0.00 -0.00 0- Oo
26 -0.64 -0.20 -0.00 -0.00 O. 0.
27 -0.64 -0.19 -0.00 -0.00 O. 0.
28 -0.65 "0019 "'0000 -0.00 0. Oo
29 -0.66 -0.18 -0.00 -0.00 0. 0.
30 ~-0.67 "0.17 -0.,00 -0.00 Q. Oa
35 -0.72 -0.14 -0.00 ~-0.00 C. O.
40 -0.77 "Uoll ~-0.00 -0.00 0. O.
45 -C.82 -0.08 -0.00 O. 0. 0.
50 "0088 -0.06 ’0000 Oo 00 0.
6C -0.98 -0.04 -0:00 O 0. O.
7C -1.08 -0,02 -0.00 0. 0. 0.
8C -1.18 -0.01 -0.00 O 0. 0.
20 -1.27 -0.00 -0.00 O 0. 0.
10C -1.36 -0.00 O. 0. 0. 0.
200 -2009 0. Oe Oo . 0. 0'
300 -2067 O. On Oo 0- 0.
400 "3015 Oo Oo 00 0. Oo
500 “3059 0. 0' 00 0~I 0.

1000 "5031 Oo 0. Oo 00 00
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